Tracking the location of people and their mobile devices creates opportunities for new and exciting ways of interacting with public technology. For instance, users can transfer content from public displays to their mobile device without touching it, because location tracking allows automatic recognition of the target device. However, many uncertainties remain regarding how users feel about interactive displays that track them and their mobile devices, and whether their experiences vary based on the setting. To close this research gap, we conducted a 24-participant user study. Our results suggest that users are largely willing -even excited -to adopt novel location-tracking systems. However, users expect control over when and where they are tracked, and want the system to be transparent about its ownership and data collection. Moreover, the deployment setting plays a much bigger role on people's willingness to use interactive displays when location tracking is involved.
INTRODUCTION
Creative utilization of technology has enabled advanced interactions for public displays, particularly through the use of location tracking [23, 29, 34, 35] . A prime example of such is the SimSense system ( Figure 1 ). SimSense 1 uses location tracking to automatically pair users with their mobile devices and utilizes mid-air gestures to allow content retrieval from a distance. Therefore, users never need to take out their mobile device from a bag or pocket and can interact with mid-air gestures without the need to walk up to the display. Such seamless interactions are efficient and provide a highly positive user experience [23, 24] , and are important in shaping future ubiquitous environments to support blended and natural interactions [2, 30] .
Despite these advances, prior research identifies many factors that hinder the wide adoption of -and interaction with -new technologies especially in public spaces. For example, we already know that users may choose to not interact with technology due to lack of attraction or motivation [21] , fear of embarrassment [7] , uncertainties regarding the interaction [26] , or desire to avoid disclosure of the content they interact with [32] . However, novel interactive systems introduce many more factors that may influence people's willingness to interact with them. Primarily, implications from tracking the location of people and mobile devices in public, and pairing people with their devices automatically, are unknown. We also lack a clear understanding of how much the deployment setting (for example, whether it is a shopping mall or a library) influences the users' willingness to interact with location-tracking systems.
Understanding the implications of location tracking and automatic pairing in public spaces has significant influence on the design, deployment, and ultimately the success of future interactive systems. Therefore, we invited 24 participants to interact with the SimSense system and provide feedback, particularly regarding their concerns about location tracking and the use of novel interactive systems in various settings. Accordingly, our primary research questions were:
• RQ1: What are the users' concerns of, and requirements for, interactive displays that track the location of people and personal devices? • RQ2: How does the deployment setting influence the willingness to use interactive location-tracking systems?
Our findings suggest that users are largely willing -and even eager -to adopt novel location-tracking systems, provided that the system is transparent about its data collection and ownership and allows users to set their tracking preferences. No major concerns or deal breakers were found. However, introducing location-tracking features to an interactive display greatly emphasizes the influence of the deployment setting on people's willingness to use them. Calm and/or professional environments, such as museums, libraries, office workspaces, and university campuses are preferred over less organized settings, such as city centers and shopping malls.
RELATED WORK
In this paper, we use SimSense [23, 24] as an example of novel interactive systems that track the location of both people and personal devices. Other novel tracking solutions that enable automatic association of mobile devices with people have also been proposed [29, 34] . Of relevance is also the work by Wu et al. [35] , who do not do user-device pairing per se, but nonetheless are able to track people and their actions in the space, including the presence and use of mobile devices. However, none of the aforementioned works deal with the concerns that might accompany these technologies, and to our knowledge, no acceptance studies have been conducted in this context.
The issues of trust and privacy have previously been studied in the context of personalized public displays, for example, based on mobile devices that come into the vicinity of the display [10, 12] . These systems are likely to contain similar implications. It is important to note, though, that the approaches we evaluate in this paper go further, for instance, by making assumptions about device ownership, and by allowing content to be sent to a personal device that is not directly manipulated by its owner.
In a broader spectrum, there is a plethora of studies that provide insight into the perceptions and acceptance of location tracking, location sharing, and privacy [3] . Interestingly, Liu et al. [18] point out in their recent literature review that people's views on location privacy have changed over time: early studies (before 2010) show little concern for location privacy, but more recent studies show otherwise -this change in itself serves as further motivation for this study.
Existing research has mostly studied the implications of location privacy in mobile computing contexts. Most notably, users' willingness to share their location varies with the place and social context they are in [1] , as well as who is requesting or getting the information [11, 17] . Similarly, Barkhuus and Dey [5] found that users were more concerned about location privacy when the location was tracked by other parties, as opposed to only the device's awareness of its own location. Our study presented in this paper concerns a public display being aware of people and private devices and is therefore fundamentally different from the aforementioned studies. Nonetheless, it is reasonable to consider that similar implications might be found in the context of location-tracking interactive displays.
Want et al. [33] investigated a location system at workplaces using badges and found that even though there were initially a multitude of concerns about privacy, they were largely overcome among working professionals after the benefits of the system became apparent to them, and after they became more trusting of the fact that the collected data was not abused. However, there was a strong desire for the employees to be able to opt out of the system whenever they wanted.
Our work also links to the so-called dark patterns, which were originally presented by Brignull [6] as parts of a user interface that do not have the users' interests in mind and that are crafted to trick users into doing things they might not be aware of. Greenberg et al. [13] foresaw that dark patterns might be a considerable problem in proxemic sensing systems that track and determine spatial relationships between people and devices. Greenberg et al. define dark patterns broadly, and also include so-called anti-patterns. Antipatterns, as opposed to dark patterns, are unintentional, yet may lead to similar results.
Dark patterns and anti-patterns certainly play a role in the acceptance of interactive systems. If users think or fear that not everything the system does is to their benefit, it might significantly hinder the system's acceptance (regardless of whether the system actually does this). A particularly relevant dark pattern is called disguised data collection [13] , which refers to the system gathering information and using it for purposes the user is not aware of. We will reflect our results on the various dark and anti-patterns towards the end of our paper, when we discuss our results.
In summary, the acceptance, concerns and privacy implications regarding location tracking and location sharing is a widely researched topic. However, to our knowledge, there are no studies that explicitly focus on this topic in the context of interactive location-tracking systems. While some studies touch on this subject, they focus on different perspectives, such as personalization [10] and technical solutions [12] . Most other studies have focused on the mobile context, for example, whether users accept that mobile applications track the device's location, or how willing users are to share their location with others, such as their friends, bosses, and spouses. The fundamental difference, then, is that interactive location-tracking displays track the users and their mobile devices to enable interactions with a public device (the display), available to anyone, and available to be observed by anyone. Understanding the potential concerns and requirements that this creates is important for the success of novel interactive systems, especially because their success is already threatened by hesitance for interacting in public (e.g., [7, 26] ) as well as external, often uncontrolled forces [25] .
SIMSENSE
SimSense is a smart space system that enables seamless transferring of content from public displays to personal mobile devices ( Figure 1 ). SimSense tracks the location of users through a Kinect sensor, and the location of mobile devices using Bluetooth beacons. Users and mobile devices with matching locations are automatically paired by the system. Consequently, when a user interacts with the system and chooses content to be transferred, the system already knows which device to send the content to. For the automatic pairing and content transfer to work, a mobile application needs to be installed. Detailed descriptions of the user interfaces and the implementation of the system are provided in [23, 24] .
Originally, SimSense utilized mid-air gestures, allowing interaction from a distance as people pass by the display [23] , which resulted in a highly positive user experience. SimSense was later upgraded into a multimodal system, supporting interaction also with touch, gaze, and a combination of gaze and mid-air gestures [24] .
USER STUDY
We recruited participants from our university's basic course Introduction to Computing. The course is mandatory in almost all study programs, and is offered also in the open university curricula. Roughly 1200 students take it every academic year, and the background and computer literacy of the students is highly varied. Participation in the study was voluntary; however, participants were offered a small number of exercise points as a reward. Exercise points contributed towards passing the course, but had no effect on the final g rade. P articipants registered f or t he s tudy b y first filling out an online questionnaire, through which they provided basic background information as well as answered statements about location tracking and mobile device use.
This way, we recruited 24 participants (9 males, 14 females, 1 other). The recruited participants were 19-50 years old (M=28, SD=8.9). Almost all participants had at least some experience with gestural interfaces, as well as with interactive public displays. Participants were very mixed about how mobile applications collect their data or follow their location: some were concerned, some undecided, and some did not worry at all. Equally mixed results were received when we queried about the participants' willingness to use their own mobile devices in public.
In the study, participants were first given a short introduction to SimSense and its purpose. Then, a smartphone with the SimSense mobile application installed was handed to them, which they put in one of their pockets. Participants were then asked to explore the system and transfer several items from the screen into the mobile phone in their pocket. Due to the focus of the user study, this phase was rather free-form. The primary aim of this phase was to ensure that the participant understood the purpose of the system, knew how interaction with it works, and understood that the system tracks the location of both the user and the mobile device to enable the automatic user-mobile pairing. Detailed information -technical or otherwise -about how exactly the system works was not given unless the participants themselves asked questions. We rationalized that this way, participants would better represent real-world users: it is reasonable to assume that most users would not know about the fine details of a system's implementation or know how a system collects data and how the data are handled.
After the interaction, the participant filled out an online questionnaire containing statements on a 7-point scale. First, the questionnaire included generic statements to which participants answered whether they agreed or disagreed. Second, they assessed individual functions of location-tracking systems with regards to how comfortable or uncomfortable they felt about them. Third, participants were asked to rate various locations based on how they would feel about a) interacting and b) being tracked in those locations. The presented locations -library, office workspace, city center, museum, swimming/sports hall, university campus, shopping mall, and bus stop -were chosen based on their popularity or potential as deployment locations for interactive displays, as well as their appearance in current literature, e.g., [8, 9, 14, 15, 19, 20, 22, [26] [27] [28] 31] . We provided a picture of each location to assist in imagining said locations and presented a few examples of transferable content that could potentially be available in each of them. For example, in the library, the examples of transferable content included indoor maps and electronic books. We rationalized that this way, participants would have a better understanding of the spectrum of location-tracking systems, so that they would not rely too much on their personal experience with SimSense in just one location. Moreover, as SimSense and the interaction method were novel for every participant, we wanted to give practical examples as starting points for the interaction experience, and the questionnaire and interview that followed.
Finally, the participants were interviewed to gain further insight into their concerns and to understand the reasoning behind their questionnaire answers. The interview took around 15-20 minutes, and the whole session lasted an average of 40 minutes.
RESULTS
In the following, we present our results divided into three main sections: (1) concerns and requirements, (2) the influence of the deployment setting, and (3) general feedback. For the analysis of the questionnaire data, we used non-parametric tests (Friedman's and further Wilcoxon signed-rank) because the data were of ordinal scale and not normally distributed.
Concerns and Requirements
In our study, we used SimSense as an example of a novel interactive system. In the case of SimSense, location tracking is utilized to enable seamless transferring of content from public displays to personal mobile devices. Although our study is not strictly about content transfer systems, we additionally included some contentrelated statements, which also served as a baseline. For example, prior work already suggests that people might be hesitant towards disclosing what type of content they are interested in [32] . As such, we identified four unique features of SimSense that might affect people's willingness to use it: 1) users' personal devices connect to a public system, 2) the system tracks the location of users, 3) the system tracks the location of personal devices, and 4) the act of transferring content is visible to bystanders. Hence, we asked participants to rate the four characteristics with regards to how comfortable they felt about them (Figure 2 ).
Friedman's test showed statistically significant differences between the ratings of the four features (χ 2(3) = 20.32, p < 0.001). Participants were not bothered by having their mobile device connect to a public system (Mdn = 5), and a Wilcoxon signed-rank test showed statistically significant differences between this and all the other features (p < 0.05). The other three features were rated lower, and there were no statistically significant differences between them. Median-wise, participants had a neutral opinion on the tracking of their mobile device (Mdn = 4) but were somewhat concerned about themselves being tracked (Mdn = 3) and others being able to see what content they interact with (Mdn = 3).
In the interview, we asked about the participants' concerns and feelings with two steps. First, we asked what worries or remarks they had about the system. Then, if the participant did not mention any privacy or tracking -related issues, we asked them again more explicitly about whether they had such concerns. This follow-up question was presented to 14 participants (58%), since they did not bring up privacy or tracking in any way in their initial answer.
A total of 11 participants (46%) did not express any concerns about the system, most of whom explicitly stated that they had no concerns at all. For example, one participant explained:
"I can't really imagine being worried. There have been plenty of technology in the past about which people had irrational worries. And security-wise, I believe these things are built by capable teams who will make them safe. " (Male, 24) Those who were able to comment on the concern-related questions did not ultimately provide any remarks that were outright negative. Rather, the provided comments were pre-requisites for how such systems should behave in order for the respondents to use or keep using them, or statements of specific situations in which they would choose not to interact.
The most popular requirement was that the collected personal data must be respected (9 participants, 38%). Respondents further explained that the collected data should not be used for any other purpose nor passed on to third parties, and that the system should only collect data that it needs to function. Several respondents continued by explaining that the system's (assumed) ownership would affect their attitudes towards the system, for example:
"It [concerns] would depend on who controls it [the system]. If it was some publicly run thing, I would not be bothered, but if it was run by some operator who might sell my information to third parties, it would be different. " (Male, 34) "[Willingness to use] depends on who manages and controls the system. " (Male, 44)
Five participants (21%) expressed that it is important for them to maintain control by being able to turn the tracking on and off whenever they please, or by setting preferences about where the tracking is enabled. This also linked to remarks about being fully aware of when the system is working and when it is not. For example, participants explained:
"At what point does the system stop tracking me? It would be nice to know clearly when it's in use and when it's not. I would want this to only track me in certain places. The boundaries would need to be clear, or I could set them myself, so that when I leave the area, the tracking stops. " (Male, 23) "It would be great if I could enable and disable the tracking from the app whenever I please. " (Female, 23) "Preferences should be available for setting when I want to be tracked and when I don't. " (Male, 44)
The Influence of Setting
Users assessed different settings based on how comfortable or uncomfortable they would be using interactive location-tracking displays in those settings (Figure 3) . The assessment was separated to a) interaction, i.e., how comfortable they would be interacting, and b) tracking, i.e., how comfortable they would be with the system tracking the location of them and their mobile devices, at the specified place.
Generally, participants were more comfortable with interacting with a display than with having a display track them, as in six out of eight locations interaction was rated more positively, and in the remaining two they were rated equally.
Interaction in different public settings was overall rated rather positively (Mdn = 5-6.5). The highest rated setting was the library (Mdn = 6.5), followed by office workspace, museum, university campus, and the bus stop (Mdn = 6). City center, swimming/sports hall, and shopping mall received the lowest (but still positive) ratings (Mdn = 5).
With comfortability towards tracking, more variance was observed. Still, the city center (Mdn = 3) and the shopping mall (Mdn = 4) again received the lowest ratings. Also following a similar trend, the most favorably rated settings were the library, museum, office workspace, and university campus (Mdn = 5.5-6), while swimming/sports hall and bus stop situated in the middle (Mdn = 5).
We ran the Friedman's test to investigate the influence of the setting, and statistically significant differences were found in both the interaction category (χ2(7) = 26.03, p < 0.001) and the tracking category (χ2(7) = 47.63, p < 0.001). We leave out detailed pairwise comparisons because we do not intend to compare specific settings, but rather, assess the overall trends on what types of settings may be preferred over others and how much influence different settings have. As such, our interesting finding is that in the interaction category, a Wilcoxon signed-rank test showed statistically significant differences (p < 0.05) only between 5 pairs of out the 28 possible pairs. However, in the tracking category, statistically significant differences (p < 0.05) were found between 15 pairs. This result suggests that the setting plays a much bigger role in the acceptance of interactive systems when location tracking is involved.
In the interview, users also made comments about the suitability of specific settings, and these comments seemed to suggest that many users reflected the trade-offs (location tracking) on how easily they could understand the system's benefit in that specific setting. In this way, calm and professional environments were also prominent. For example, several users explained that they would like to use such systems in a museum because there is a lot of useful information that they might want to interact with.
Finally, we inquired about which characteristics in the environment or the situation would affect the users' willingness to use interactive systems like the one they had just experienced. Half of the participants (12, 50%) reported that the presence of (a lot of) other people would likely make them uncomfortable. The most common explanations were that they would not want to gain unwanted attention, and they would not want others to see what kind of content they interact with, especially if they decide to transfer the content to their personal device. On a related note, six participants (25%) stated that the type or sensitivity of the content would affect their willingness to use the system. Finally, five participants (21%) reported that calm and organized settings or situations would be preferable. For example, two participants explained as follows:
"A safe and calm environment would be more comfortable. Also, in case there are problems, it would help if I knew there was a help desk or something where I could seek help. " (Female, 31) "I would not like hectic places where there's a lot of noise and movement. Places that are calm would work. " (Female, 23)
General Feedback
Participants were seemingly positive about their experience. As also found in prior studies [23, 24] , participants made comments about how futuristic and "cool" the interaction felt. They also provided various scenarios where they thought such systems would be useful. Some other comments from participants were:
"This is a cool idea. I'd like this to be available everywhere. " (Male, 23)
"I've never heard of such possibilities before. This does make information retrieval easier. " (Male, 23) "I find constant use of a smartphone annoying. This would alleviate that because I would no longer need to take it out for certain things. " (Female, 23) "An interesting and sensible concept to make larger wholes smaller. Currently things like these would be done with QR codes, which are infuriating to use. It's great that it is being challenged in new ways. " (Male, 33)
DISCUSSION
Our results suggest that users are largely accepting of, and excited about, interactive location-tracking systems, with some conditions. Generally, participants provided positive feedback and seemingly excited comments and were able to see the value that such systems can provide. This links to some earlier studies where people were found to accept location or information sharing if the received benefit was significant enough [4, 18, 33] .
Requirements for Interactive Location-Tracking Systems
Participants did not report any persistent issues with locationtracking systems that would make them reject such systems. However, we identified three requirements that future systems should consider:
Respect for private data. The most common requirement was that location-tracking systems should not collect or use data in ways that the user is not aware of, for example by selling the data to third parties. This links to the dark pattern disguised data collection, as predicted by Greenberg et al. [13] . However, it is notable that participants seemed to trust that their data would be respected in most cases, although some exceptions came up as discussed next.
Transparency about system ownership. Some participants reported that their willingness to use an interactive location-tracking system would depend on who controls and manages it. This links to the previous requirement about respecting private data, as users seemed to exhibit some distrust towards commercial companies that (they thought) might make use of the collected data or try to sell something to users. Participants seemed to be more trusting of systems that were run as a public service (e.g., by a city or a university). We believe that transparency about the ownership and purpose of such systems may foster their wider adoption.
User must remain in control. Participants reported that they would expect to be able to set the tracking on and off at will. Moreover, participants expressed general desire for being able to set preferences, such as in which types of settings tracking is enabled. These findings link particularly to Langheinrich's notion of choice and consent in privacy-aware systems [16] . A few participants also commented that they would like to be better aware of where the borders of the tracking areas are.
Overall, our findings s uggest t hat p eople's a ttitudes towards interactive location-tracking systems are positive. The identified requirements largely follow the same trends as other location-based applications (e.g., [5, 11, 17] ), and no comprehensive issues were found that would completely make users reject such systems. In fact, in our results we expected to find much more links to the dark patterns and anti-patterns [13] , but they remained largely inconspicuous. It is important to note, though, that our study was not an investigation of the existence of these patterns, but rather, whether users' concerns link to them.
Finally, it should also be noted that our study of 24 participants, even if varied by age and educational background, is not necessarily a comprehensive representation of the target audience. Furthermore, the fact that this study did not uncover any major concerns about public location-tracking systems does not necessarily mean that there are no such concerns, or that we should not pay attention to them. What our study does, however, is it provides preliminary insights into the acceptance and perceptions of public locationtracking systems and sends a positive message to the research community that there is demand for, and willingness to use, novel location-tracking systems, if certain criteria are met.
The Influence of Setting on Willingness to Interact
One of our most interesting results is that users had much stronger preferences regarding different deployment settings when it came to location tracking than when it came to interaction. To clarify, the preferences did not change from one setting to another; instead, the existing preferences were amplified. This result suggests that an ideal deployment setting is even more critical for interactive location-tracking systems than it is for more conventional interactive systems. This should not be overlooked, because we already know from existing research that the setting has considerable influence even on traditional interactive technology such as public displays [7, 25, 26] . Our results show a trend where calm and/or professional settings were preferred, such as libraries, museums, office workspaces, and university campuses. Settings that are open and potentially more crowded and hectic were rated lower, such as city centers and shopping malls. These results link with the results of Clinch et al. [10] : in the context of personalized public displays, users reported personalized displays more useful in semi-public locations as opposed to fully public locations, and similarly more useful in situations where they are lingering in the space as opposed to just passing through. In the context of more conventional public displays, Ojala et al. [26] found that leisure-related settings were more successful than serious settings; however, their displays contained multiplayer games (among other things), and thus attracted teens and children and fostered social interaction, whereas our study focused on fundamentally different issues. What remains unclear from our study, though, is how seamless interactions enabled by location tracking are affected by social factors, for instance, when multiple users are interacting simultaneously.
A prominent problem in interacting with public technology is the visibility of the interaction to bystanders [7, 32] . Surprisingly, this continued to be the greatest issue in our study as well, whereas location tracking -related issues were much less prominent. This issue stems not only from the fact that bystanders are able to observe the users as they are interacting, but also that they are able to observe what kind of content they are interested in.
CONCLUSION
Public interactive systems can utilize location tracking in creative ways to enable new and seamless interaction scenarios. While such technologies have great potential in terms of both user experience and performance, they are not without potential pitfalls. For example, users may have specific requirements and preferences, and they may reject location-tracking systems in public altogether. Hence, we conducted a 24-participant user study wherein we explored the acceptance, perceptions, and concerns related to a public display system that tracks the location of users and personal mobile devices to create new interaction opportunities.
Our results suggest that users are largely accepting of, and excited about, novel interactive systems. However, such systems must provide clear value to users, be transparent about their ownership and use of data, and allow users to define preferences about when and where they are tracked. Moreover, the influence of the deployment setting is greatly emphasized when location-tracking features are added to an interactive display. Generally, users are more comfortable about location tracking in calm and/or professional contexts such as libraries, museums, office workspaces, and university campuses.
